In an in vitro system for the perfusion of arterial tissue, the volume of the incubation chamber should be small, and the composition of the medium should be easily modified. The tissue should consist of media and intima only, and the interaction with the medium should occur via the intimal side. Consecutive sampling of the medium and the tissue should be possible. This paper describes a system with these characteristics. Scanning and transmission electron microscopy of the perfused tissue indicated that the endothelium was intact during the first day and that it still covered more than 95% of the surface after 3 days. On the 2nd day, the nonthrombogenic properties of the endothelium were maintained. The medial smooth muscle cells of the inner twothirds of the preparation were viable during the perfusion, while the cells in the outer one-third were dead from the start. Still, the metabolic activity of the tissue was stable, at least during the 2nd day as assessed by the study of DNA, protein, and lipid synthesis, as well as by oxygen consumption. We conclude that the perfusion system presented here might be useful in the study of the interaction between cellular and humoral components of the blood and the arterial wall.
I
n experimental studies on arterial tissue in vivo the interaction between involved factors is often complex. In an in vitro system on the other hand, it is possible to exclude some factors, while focusing on others. In cell culture systems, individual cell populations from the arterial wall can be studied under well defined conditions. The relevance of such studies, however, may be questioned since the properties of individual cells in culture differ significantly from those in vivo. 1 Cells in culture have also lost their structural relationship with the intercellular matrix and with other cells in the arterial wall. In a tissue culture system, these difficulties can be avoided to a great extent, still evading the complexity of the in vivo situation. Thus, incubation systems for arterial tissue have been used extensively in the study of the metabolism of the arterial wall.
2 " 9 In many cases tissue segments immersed in incubation medium have been studied. An alternative approach more similar to the in vivo situation is to use a perfusion system. In our view, such a system should meet the following requirements:
1. The ratio between the volume of the incubation chamber and the incubated tissue mass should be small enough to allow the detection of even minor effects of the tissue on the medium. 2. The composition of the medium should be easily modified at will during the course of an experiment, and the outflowing perfusate should be easily available for sampling. 3. The system should allow consecutive sampling of the incubated tissue during the course of an experiment while still providing sterile conditions. 4 . The arterial preparation should consist merely of media and intima and the endothelium should remain intact and continuous. The interaction with the incubation medium should take place mainly via the intimal side of the artery. In the present communication, we describe a system for long-term perfusion of segments of rabbit aorta that meets these requirements.
Methods

Medium and Isotopes
Eagle's minimum essential medium with Earle's salt and 0.8 mg/ml sodium bicarbonate, supplemented with 1% nonessential amino acids (Flow Laboratory, Irvine, Scotland); 100 /xg/ml cefalothin sodium (Keflin, E. Lilly, Indianapolis, Indiana); 20 mM Hepes and 60 mg/ml bovine serum albumin (Sigma Chemical Company, St. Louis, Missouri) (pH 7.35) were used throughout the study. For serum production, blood was collected preoperatively and left to coagulate at room temperature for 2 hours and then centrifuged twice at 400 g. The complement was inactivated at 56°C for 50 minutes. After sterilization by filtration through disposable 0.22 /xm Millipore filters (Millex, Millipore, S.A., Molsheim, France), serum was added to the medium at a concentration of 10% (vol/vol).
Isotopes were obtained from New England Nuclear, Boston, Massachusetts: thymidine (methyl- 
Tissue Preparation
Male albino rabbits of the New Zealand white strain, weighing between 2.0 kg and 3.2 kg were used. At 90 minutes before the operation, 3 mg/kg body weight of diazepam (Stesolid, Dumex, Denmark), was given intramuscularly. The rabbits were laparotomized under aseptic conditions during inhalation anesthesia (fluothane, nitrous oxide, and 20% oxygen). After thoracotomy, the heart was punctured and 40 to 60 ml of blood was collected in sterile glass tubes for the preparation of serum. The thoracic aorta was exposed and an incision was made proximal to the diaphragm. A Teflon cannula was inserted into the incision and the aorta was rinsed with a retrograde flow of oxygenated medium at 37°C. Under continued rinsing, the thoracic aorta was dissected free up to the level of the arch and excised. The aorta was then transferred to a transportation flask containing oxygenated medium at 37°C, while the rinsing was still going on, preventing the aorta from collapsing. The time required for the surgical procedure did not exceed 5 minutes. The aorta was dissected in a Petri dish supplied with a continuous flow of oxygenated medium at 37°C. The dissection was made under a dissecting microscope in a laminar flow bench. The periadventitial fat was removed and the outer one-half of the media and the adventitia were dissected away. The dissection procedure required about 2.5 hours. Segments of suitable length were then cut out from the remaining, inner aortic cylinder and inserted into the perfusion chamber.
Incubation System
The incubation chamber ( Figure 1 ) consisted of one leg of a U-shaped glass tube (inner diameter 4.8 mm, length 35 mm) kept in a water bath at 37°C. The perfusion medium entered at the top of the other leg, which served as a gas trap. The medium passed into the chamber from the bottom via a narrowing of the lumen and was finally let out at the top of the chamber via a steel cannula in a rubber stopper. The medium did not recirculate. Portions of the outflowing perfusate could be collected as desired.
The medium was mixed with 1% CO 2 in O 2 in a reservoir from which it was led through vinyl tubing into the chamber by means of a peristaltic pump at a rate of 2 ml/hour. In order to maintain a proper oxygen tension in the medium, the gas was let out from the reservoir through a vinyl jacket surrounding the tubing.
The incubation chamber was provided with a set of Teflon cylinders 5 mm long which had an outer diameter adapted to fit exactly into the lumen of the chamber. The inner diameter of the cylinders ranged from 2.8 to 3.8 mm. Before being put into the chamber, each aortic segment was fitted into a cylinder of proper width. The length of the segment was then adjusted to match the cylinder. To prevent the flow from penetrating between the segment and the cylinder, the edges were shielded by a Teflon disc placed between adjoining cylinders. The disc was 1.0 mm thick and had a lumen of 1.2 mm. The incubation chamber could hold five consecutive segments which could be taken out during the course of an experiment. Depending on the nature of the experiment, longer segments could be fitted into a row of cylinders as desired.
Metabolic Studies
Cell proliferation, protein synthesis, and lipid synthesis were studied in three separate experiments which assessed the incorporation of 3 H-thymidine into DNA, 14 C-tyrosine into protein, and 14 C-glucose into lipids. A constant concentration of the isotope under study was included in the medium during the entire perfusion period. For 5 days, aortic segments were removed daily for analysis. In three identical experiments the oxygen consumption of the incubated tissue was assessed over a 3-day period.
DNA Contents
We measured the DNA contents by the method of Kissane and Robins. 10 
Radioactivity in DNA
This was determined according to the method of Goldberg et al. 11 and involved the dissolution of the buffered tissue homogenate by nuclease-free Pronase B (Calibiochem-Behring Corporation, Lucerne, Switzerland), followed by precipitation of DNA in cold trichloracetic acid (TCA). After washing, the precipitate was collected on a nitrocellulose filter (Miilipore Corporation, Bedford, Massachusetts), which was then put into a liquid scintillation counting vial. The filter was dissolved in 2-methoxyethanol (Merck, Darmstadt, West Germany) and counted.
Radioactivity in Stnictural Protein
Delipidized tissue specimens were homogenized in a small volume of distilled water using a dentist's drill on the frozen samples. After centrifugation, the pellets were extracted twice with 10% TCA at 85°C for 50 minutes and the extracts were discarded. After the pellets were washed three times with distilled water, they were dissolved in a small volume of Protosol (New England Nuclear, Boston, Massachusetts), transferred to a liquid scintillation counting vial, and counted.
Radioactivity in Lipids
Lipids were extracted in chloroform/methanol (2:1) and the eluates were washed according to the method of Folch et al. 12 with the addition of nonradioactive glucose (0.5 mg/ml) to the washing solution. Thin layer chromatography was used to separate neutral lipids on one portion of the eluate 13 and phospholipids on the other.
14 Lipid fractions were visualized with iodine vapor, scraped down into liquid scintillation counting vials and counted.
Liquid Scintillation Counting
Counting was performed on a Packard Tri-Carb liquid-scintillation spectrometer. All countings were done in a system of butyl-PBD (CIBA-Geigy, Basel, Switzerland) (5 mg/ml) in toluene. To increase reproducibility, a gel former, Cab-O-Sil (Packard Instrument Company, Downers Grove, Illinois) (40 mg/ml) was added when measuring fractions that were separated on silica gel. The efficiency for 14 C counting was between 72% and 76% and for 3 H counting, 38.5%. We corrected for quenching by an external standard. Sample counts with an error value of ± 2a > 10% were rejected.
Incorporated Radioactivity
We expressed the incorporated radioactivity in molar terms, calculated on the basis of the specific activity of the precursor in the medium. Molar incorporation rates were estimated from the steepest part of the time curve of incorporated activity.
Oxygen Consumption
We calculated the oxygen consumption from the difference in oxygen concentration between medium that had perfused the incubated tissue and medium that had passed an empty incubation chamber. The oxygen concentration was measured on a single electrode assembly (E5046/D616, Radiometer, Copenhagen, Denmark) in combination with a PO 2 -analyzer (PHM 71 + PHA 980, Radiometer, Copenhagen, Denmark). Isotonic sodium chloride solution, bubbled with 65% O 2 and 35% N 2 at room temperature was used as a standard. The perfused segments were dried and weighed.
Morphologic Studies
In two identical experiments, five aortic segments were perfused under routine conditions. Segments were taken out and fixed at regular intervals during a 3-day period. Each segment was divided into two portions, one of which was prepared for scanning and the other for transmission electron microscopy.
One important function of the endothelium in vivo is to provide a smooth, nonthrombogenic surface for the blood flow. To study whether this function was preserved in the endothelium of the incubated aortic tissue, we used an approach similar to the one used by Baumgartner and Muggli. 1516 A pair of identical experiments were performed, in which an aortic segment, about 1.5 cm long was perfused under routine conditions for 1.5 days. The chamber was opened and a superficial mechanical injury was induced in a small area. 17 The chamber was closed and the perfusion was continued for 20 minutes with calcium-and magnesium-free medium. The carotid artery Of a rabbit was cannulated during general anesthesia and the blood was passed directly into the chamber perfusing the incubated aorta for 8 minutes. The aorta was rinsed for 3 minutes with routine medium, fixed in situ and prepared for scanning electron microscopy. The presence of blood platelets on the intimal surface was studied.
Scanning Electron Microscopy
All specimens were fixed overnight at 5°C in a fixative consisting of 1.25% glutaraldehyde and 1 % formaldehyde in 0.1 M sodium cacodylate buffer (pH 7.3). Specimens designed for scanning electron microscopy were rinsed in 0.15 M sodium cacodylate buffer (pH 7.3) with 5% sucrose and dehydrated in a graded series of ethanol dilutions. They were dried according to the critical-point method using amyl acetate as an intermediate fluid and carbon dioxide as a transition fluid and coated with gold in an Edwards S-150 sputter-coater. The examination was done in a Jeol 100-CX electron microscope in the scanning mode at an accelerating voltage of 20 kV.
Transmission Electron Microscopy
The specimens were postfixed in 2% osmium tetroxide, dehydrated in a graded series of ethanol dilutions, embedded in Spurr's low viscosity resin, and sectioned with an LKB Ultrotome V. The ultrathin sections were contrasted with uranyl acetate and lead citrate and examined in a Jeol 100-CX electron microscope in the transmission mode at an accelerating voltage of 80 kV.
All specimens were coded before morphological evaluation in order to reduce bias.
Results
In one series of experiments, segments of rabbit aorta were perfused for 5 days. At regular intervals, segments were taken out for analysis. The incorporation of 3 H-thymidine into DNA, 14 C-tyrosine into protein, and u C-glucose into lipids were studied separately. In another series of perfusions, oxygen consumption of the aortic segments was measured. In still another series of experiments, segments were taken out at regular intervals during a 3-day perfusion period and prepared for electron microscopic examination. Finally, platelet adhesion to intact and nonintact endothelium of perfused aortic segments were studied.
Biochemistry
DNA Content
The DNA content of perfused segments declined from 6.2 /ig/mg to 4.4 /xg/mg (dry weight) between the first and the second day (Figure 2 A) and then remained at the lower level for the rest of the perfusion period.
H-Thymidine Activity
The activity of nmol tyrosine/jjg DNA days Figure 3 . Incorporation of 14 C-tyrosine into structural protein in perfused segments of rabbit aorta. The isotope was included in the incubation medium during the entire perfusion period. Data represent a single experiment where segments were taken out for analysis at different times during the perfusion.
u C-Tyrosine Activity
The activity of 14 C-tyrosine incorporated into structural protein increased with time ( Figure 3) . The incorporation rate was estimated to be 0.9 nmol tyrosine//xg DNA per day.
Oxygen Consumption
The oxygen consumption varied considerably during the first 10 hours of perfusion ( Figure 5 ). During the subsequent 10 hours, a slight increase was suggested and a stable level was reached by the end of the first day. This level was maintained during the second day and was followed by a gradual decrease during the third day to about 50% of the maximum value. The oxygen consumption during the second day was calculated to be 23.9 nmol Oj/mg dry weight per hour.
Morphology
Scanning Electron Microscopy
After one-half day of perfusion a smooth, continuous layer of endothelial cells was seen in nonmanipulated aortic segments. The cells had a characteristic oblong shape with interdented cell borders and were axially oriented along the vessel. After 1 day of perfusion, the picture was similar but occasional cracks between endothelial cells were observed ( Figure 6 ). After 1.5 and 2 days, between 95% and 98% of the intima was covered with endothelial cells (Figure 7) . After 2 days, cells in some areas were more discoid and their orientation was not obvious (Figure 8 ). The endothelial layer still covered more than 95% of the intimal surface after 3 days of perfusion. The picture largely resembled the one at 2 days, but the nuclei had become more prominent and bulged into the lumen (Figure 9 ). In all preparations, more or less pronounced longitudinal ridges were seen. Such ridges are regularly observed in arterial tissue fixed at low pressure in situ. 18 ' 19> M This observation suggests that the ridges in our preparations might have resulted from the fact that, whereas the aorta in vivo is distended by hydrostatic pressure, in our experiment it was supported from the outside.
u C-Glucose Activity
The activity of 14 C-glucose incorporated into total lipids is illustrated in Figure 4 A. The activity increased with time. Our data indicated an incorporation rate of 0.6 nmol glucose//j.g DNA per day. The distribution of 14 C-glucose-derived activity between different lipid fractions is illustrated in Figures 4 B  and 4 C. Most was recovered in phosphatidyl choline (49%), followed by triglycerides (16%), phosphatidyl inositol (16%), phosphatidyl ethanolamine (13%), cholesterol (3%), sphingomyelin (2%), and cholesterol ester (1%). No significant activity was recovered in lysophosphatidyl choline or free fatty acids. The relative amounts of activity in different fractions were constant during the perfusion period, except for the fifth day when a tendency toward a relative increase in phosphatidyl inositol, phosphatidyl ethanolamine, and sphingomyelin was observed.
Transmission Electron Microscopy
Throughout the entire perfusion period, the intimal surface of nonmanipulated aortic segments was covered with viable endothelial cells in close contact with the subendothelium and with one another. The tight and gap junctions were intact (Figures 9-11 ). Usually the cells had a greater cross-sectional diameter than is normally seen in fixed preparations in situ, and cells also often had a more prominent Golgi apparatus. After 1 day of perfusion, a slight dilatation of the endoplasmic reticulum was noticed in most cells, and after 1.5 days a few cells contained myelin whorls. The proportion of cells with these two kinds of changes increased with time, and after 3 days of perfusion they constituted a majority of the cells examined (Figure 12 ).
Transmission electron microscopy of the medial smooth muscle cells showed a consistent pattern Incorporation of 14 C-glucose into total Iipids in perfused segments of rabbit aorta. The isotope was included in the incubation medium during the entire perfusion period. Data represent a single experiment where segments were taken out for analysis at different times during the perfusion B. Incorporation of 14 C-glucose into phospholipids in perfused segments of rabbit aorta. PC = phosphatidyl choline, PI = phosphatidyl inositol, PE = phosphatidyl ethanolamine, Sph = sphingomyeiin. The isotope was included in the incubation medium during the entire perfusion period. Data represent a single experiment where segments were taken out for analysis at different times during the perfusion. C. Incorporation of 14 Cglucose into neutral Iipids in perfused segments of rabbit aorta. TG =triglycerides, C = cholesterol, CE = cholesterol ester. The isotope was included in the incubation medium during the entire perfusion period. Data represent a single experiment where segments were taken out for analysis at different times during the perfusion. throughout the perfusion period. In the luminal onethird of the preparation, most cells had the characteristics of intact smooth muscle cells with normal nuclei, myofilaments, endoplasmic reticulum, and mitochondriae (Figures 10, 12, and 13 ). In the middle one-third, a large proportion of the cells showed changes, such as vacuolization, swollen mitochondriae, and myelin whirls. In the abluminal one-third of the preparation, most of the cells were dead.
Platelet Adhesion
Aortic segments with intact and nonintact endothelium were perfused with whole blood. Scanning electron microscopy showed that many platelets adhered to nonendothelialized areas (Figures 14 and  15) . Most platelets had cellular protrusions and many were spread out (Figures 14 and 15 ). In areas with intact endothelium, platelets were rarely seen (Figure 16) . Figure 14 . Surface of rabbit aorta incubated for 36 hours. At the end of the incubation period a superficial mechanical injury was induced in a small area, followed by perfusion of the aorta with whole blood. In the upper part of the picture endothelial cells cover the surface and there are only a few platelets. In the lower part of the picture, there are numerous platelets on the exposed subendothelium, many with protrusions. Scanning electron micrograph. Bar = 10 ^.m. Figure 15 . Surface of rabbit aorta, incubated for 36 hours showing where superficial mechanical injury was induced. The aorta was perfused with whole blood at the end of the incubation period. There are numerous platelets on the exposed subendothelium, many with protrusions and many, spread out. Scanning electron micrograph. Bar = 5 fj.ru.
Discussion
The classical approach to the study of tissue in culture is to maintain the tissue in a fluid/gas interface in an incubation chamber. This approach has been used by several authors in the study of arterial tissue in vitro. Some authors 21 " 24 have mounted the tissue specimens on steel grids, while others 25 have let them float freely on the surface of the medium. These systems are comparatively easy to handle. The medium can be exchanged in a simple manner, and tissue specimens can be easily taken out for analysis during an experiment. A disadvantage, however, is the risk of depletion of essential components of the medium during incubation. Another disadvantage is the secondary damage of the tissue inevitably caused by the mounting procedure. A third disadvantage is that the interaction between the tissue and the medium may take place on all sides of the artery. This is crucial in studying the effects of the endothelium on the metabolism of the arterial wall. However, the classical tissue culture systems constitute a valuable tool in the study of the metabolism of the arterial smooth muscle cells per se.
Perfusion systems have been used in several studies on different aspects of arterial wall metabolism, such as lipid and lipoprotein metabolism, 26 " 33 elastin breakdown, 34 and the effects of hormones. 35 ' M A major advantage of the perfusion technique is that the interaction between medium and artery can be restricted to the intimal side of the vessel. This advantage has been used by Baumgartner and Muggli 15 ' 16 in the study of platelet adhesion to the subendothelium of everted rabbit aorta. We have used a similar approach 37 in studying monocyte adherence to rabbit aortic intimal surface. Another advantage is the possibility of obtaining a continuous recording of the functioning state of the tissue by comparing the composition of the inflowing and outflowing medium. A third advantage might be a closer simulation of the in vivo situation using a pulsatile, pressure-regulated flow. 30 -32 ' M On the other hand, perfusion systems are comparatively delicate to handle and consecutive tissue sampling is usually not possible.
In the present communication we present a perfusion system for rabbit aortic tissue. In this system the Figure 16 . Surface of rabbit aorta, incubated for 36 hours. At the end of the incubation period a superficial mechanical injury was induced in a small area, followed by perfusion with whole blood. In this noninjured area elongated endothelial cells are seen. The intercellular borders appear as rows of protruding structures which are interdigited at some sites. No platelets adhere to the surface. Scanning electron micrograph. Bar = 5 /xm. composition of the medium can easily be modified. The outflowing perfusate, as well as the incubated tissue, can be conveniently sampled during the perfusion. We chose not to include the outer media and the adventitia in the preparation because we wished to restrict the interaction between the artery and the medium to the intimal side. This means that the vessel wall must rely upon diffusion through the intima for its oxygen and nutritional requirements. If a full thickness rabbit aortic preparation were used, the oxygenation of the abluminal parts of the wall would be in danger. 39 The viability of the tissue in an in vitro system should be well defined. It has been suggested that in long-term incubations, a constant glucose uptake 21 together with a constant lactate production 24 '
x may indicate maintained viability. However, pronounced morphological changes have been reported in media explants after 4 days of incubation by light microscopic 7 and by electron microscopic examination. 40 These findings point to the fact that a stable metabolic activity of a tissue sample may result from the activity of only a subpopulation of cells at a time when many cells have ceased to function. In short-term perfusions, most authors have relied upon a normal appearance of the endothelium in light microscopic sections or Hautchen preparations. 313234 However, it has been pointed out 41 that neither a satisfactory light microscopic appearance, nor a constant glucose consumption guarantees a preserved endothelium, as judged from ultrastructural evaluation. Consequently, it is obvious that a combined metabolic and morphological approach should be used in the assessment of tissue viability and, indeed, that endothelial integrity must be assessed by ultrastructural evaluation.
In the characterization of our perfusion system, tissue metabolism was studied in two principally different ways. First, oxygen consumption was recorded, giving a direct measure of the state of activity of the tissue. Second, cell proliferation, protein synthesis, and lipid synthesis were assessed through the incorporation of The oxygen measurements indicated a stable metabolic activity of the incubated tissue at least during the second day of perfusion ( Figure 5 ). The lack of stability in the recorded oxygen consumption during the first day might be explained by the slow process of equilibration between oxygen in the medium and oxygen absorbed in the tubing, glassware, and teflon cylinders. It is also possible that the unstable oxygen consumption reflected an adaptation of the tissue to the in vitro conditions. The oxygen consumption during the second day was calculated to be 23.9 nmol Cymg dry weight per hour. Morrison et al. 41 determined the oxygen consumption in their intact intima + media preparation to be 39.5 nmol Oj/mg dry weight per hour (assuming dry weight/wet weight = 0.22), which is in good agreement with our value, considering that the viability was low in the outer one-third of our preparation. One way to get an approximation of the oxygen consumption in our system on a cellular basis might be to use DNA contents determined at similar perfusions (Figure 2A) . Such calculations indicate an oxygen consumption of 4.73 nmol Oj/^g DNA per hour which is in good agreement with measurements made on intima + media preparations by others (4.25 nmol O^g DNA per hour). 42 The incorporation studies showed a consistent pattern for all precursors (Figures 2 B, 3, 4 A-C ). An almost linear increase in incorporated activity was noted during the second and third days of perfusion, indicating a stable metabolic activity during this period. The slower increase in incorporated activity during the first day might have resulted from dilution of the precursor. It might also have reflected a lower incorporation rate during the adaptation of the tissue to the in vitro conditions. The rate of incorporation of glucose into total lipids was estimated to be 0.6 nmol/ iig DNA per day. This value is in good agreement with the rate given by Vost 31 in short-term perfusion of the rabbit abdominal aorta in situ (0.13 and 0.44 nmol//ig DNA per day in intima and media respectively) and similar to the intact intima-media preparation by Morrison et al. 41 (0.24 ninol/pig DNA per day assuming DNA content = 1.0 /xg/mg wet weight).
Ultrastructural examination was made with scanning and transmission electron microscopy on different parts of the same segments. Scanning electron microscopy showed a consistent pattern over the whole surface of the specimen and transmission electron microscopy also showed a consistent pattern from section to section. Ultrastructural evaluation indicated that the endothelial layer was intact and continuous during the first day of perfusion. During the second and third days the endothelium still covered more than 95% of the intimal surface. Furthermore, experimental evidence indicated that the nonthrombogenic properties of the endothelium in vivo were maintained on the second day of perfusion. Thus, in contrast to widespread adhesion and activation of platelets in denuded areas, no platelets adhered in areas covered with endothelium. The medial smooth muscle cells in the luminal one-third of the preparation were intact during the 3 days of perfusion. In the middle one-third, minor signs of degeneration were seen in an increasing proportion of the cells toward the end of the perfusion. This finding might reflect an adaptation of the cells to a changed environment. In the outer one-third of the preparation only a few viable cells were seen after onehalf day of perfusion. One conceivable explanation for this fact is that the cell damage was caused by the initial dissection procedure. Another explanation might be that the oxygen requirements of the abluminal parts could not be satisfied via diffusion from the lumen. However, this explanation is less probable considering that the thinness of the preparation (about 100 £im) should secure proper oxygen tension. 39 The decreasing DNA content of the perfused segments during the first days might also reflect an initial cell damage resulting in a lysis of cells and loss of measurable DNA.
Conclusion
In the present communication we have presented a system for the perfusion of arterial tissue in vitro for up to 3 days under well controlled conditions. The endothelium of the preparation was continuous during the first day and covered more than 95% of the surface on the third day. This fact makes the system well adapted for the study of the influence of the endothelial cell layer on the interaction between the blood and the arterial wall. Such studies might be of great value in investigating the mechanisms behind the proposed key role played by the endothelium in atherogenesis. 4344 The small volume of the system makes it feasible to study the interaction even between minor lipoprotein fractions and the arterial wall. It is also possible to study the interaction between autologous cellular components in the blood and the endothelium. This has, in fact, already been done in our laboratory 37 in a similar perfusion system, in which the interaction between monocytes and the intimal surface was examined. Another application would be to make a defined endothelial injury, whereby differences between areas with damaged and intact endothelium might be studied.
This system might also be used in studies on the metabolism of medial smooth muscle cells which constituted the bulk of our preparation. The metabolic activity has been defined in independent ways. Our data suggest that the second day of perfusion would be most feasible for such studies, offering a period of constant metabolic activity. The ultrastructural examination, however, indicated low viability in the abluminal one-third of the preparation. This fact might create problems of standardization and make the interpretation of data from metabolic studies difficult. It is obvious that a stable metabolic activity of any in vitro preparation cannot exclude the possibility that some cells are not viable. On the other hand, a stable metabolic activity is very valuable in excluding major changes in the metabolically active cell pool. In our view, an approach combining biochemical and morphological methods should be used to assess viability in an organ culture system.
